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SECTION I 
REPORT COVERAGE 
T h i s  r e p o r t  covers t h e  pe r iod  from December 5, 1967 through June 5, 
1968. 
SECTION I I 
PRINCIPAL RESULTS TO DATE 
F ive  important r e s u l t s  have been a t t a i n e d  du r ing  t h e  f i r s t  s i x  
month p e r i o d  of  t h i s  g ran t .  
( 1 )  
opened up by t h e  i n i t i a l  research c a r r i e d  o u t  under t h i s  g ran t .  
T h i s  conc lus ion  i s  subs tan t i a ted  by t h e  i n t e r n a t i o n a l  response, 
i n  t h e  form o f  requests for  copies o f  t h e  f o l  lowing paper. 
A new f i e l d  o f  microwave technology and research has been 
( 2 )  P u b l i c a t i o n  of  t h e  paper by t h e  p r i n c i p a l  i n v e s t i g a t o r  (Ramey) 
and T. S.  Lewis on P roper t i es  o f  T h i n  Metal Fi lms a t  Microwave /)e##&!$ 
Frequencies. Publ ished i n  the  Journal  o f  App l ied  Physics, Vol. 
39,  No. 3, 1747-1752, 15 February 1968. A copy of  t h i s  paper i s  
a l s o  included i n  t h i s  r e p o r t .  
-----
(3) A second paper, t i t l e d  Microwave Transmission Through T h i n  -
Metal and Semiconducting F i l m s  by Ramey, Kitchen, Lloyd, and Landes 
has been accepted fo r  p u b l i c a t i o n  by t h e  Journal o f  Appl ied Physics 
and w i l l  appear i n  t h e  J u l y  1968 issue of  t h a t  j o u r n a l .  T h i s  
paper was summarized i n  t h e  l a s t  Annual S ta tus  Report on NsG-340 
dated January 1968. The r e s u l t s  of  t h i s  paper a r e  very important 
t o  t h e  p o s s i b l e  design of microwave devices. Add i t i ona l  informa- 
t i o n ,  which has been develop.ed s ince  t h e  submission of t h i s  paper 
-- 
- -- -
-- c
i s  included i n  Sec t ion  I l l  of t h i s  repo r t .  
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( 4 )  
research i n t o  device design employing t h i n  f i l m s  has been i n i t i a t e d .  
A t  present  data i s  being taken on a bas i c  form o f  switch-modulator. 
A t h i n  f i l m  c a v i t y  c o n f i g u r a t i o n  i s  a l s o  under cons ide ra t i on .  The 
next  semiannual r e p o r t  w i l l  conta in  more i n fo rma t ion  on p o s s i b l e  
device a p p l i c a t i o n s .  
As a r e s u l t  o f  t he  i n fo rma t ion  encompassed by t h e  above paper, 
( 5 )  
modes i n  waveguides has been made. Add i t i ona l  s t u d i e s  based upon 
h ighe r  o r d e r  propagat ing modes (K-band) i n  X-band guide are p resen t l y  
being made. As soon as the  combined in fo rma t ion  i s  assembled a 
d e t a i l e d  r e p o r t  o f  these f i n d i n g s  w i l l  be submit ted.  Cur ren t l y ,  
we have found t h a t  some o f  the l i m i t e d  l i t e r a t u r e  on t h i s  s u b j e c t  i s  
i n  e r r o r .  Modal analys s i s  important whenever lumped impedances 
(such as o u r  f i l m s )  a re  inser ted i n  waveguide systems and when t h e  
bas i c  ope ra t i ng  frequen :y i s  no t  near t h e  c u t - o f f  frequency o f  t h e  
waveguide. 
A bas ic  study of t h e  r o l e  p layed by h i g h e r  o r d e r  evanescent 
A complete r e p o r t  on t h e  presence and importance of h igher  o rde r  
modes w i l l  be included i n  t h e  next annual r e p o r t .  
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SECTION I l l  
A UNIVERSAL POWER TRANSMISSION PLOT 
FOR THIN FILM WINDOWS 
2 
The t ransmiss ion o f  microwave power through a t h , n  f i  Im window which 
i s  placed i n  a waveguide system so t h a t  i t s  sur faces a re  normal t o  t h e  
d i r e c t i o n s  o f  propagation, was reported i n  t h e  l a s t  Annual Status 
Report (No. EE-4012-109-68U) dated January 1968. T h i s  was a genera l iza-  
t i o n  o f  t h e  o r i g i n a l  work reported i n  t h e  preceding paper included i n  
t h i s  r e p o r t .  The g e n e r a l i z a t i o n  permi t ted a l l  ma te r ia l s ;  metal,  semi- 
metal, and semiconductor t o  be t rea ted  i n  a un i ve rsa l  manner. As 
mentioned in Sect ion I I ,  a paper descr ib ing t h i s  un i ve rsa l  t reatment  
o f  microwave power t ransmiss ion through t h i n  f i l m s  w i l l  appear i n  t h e  
J u l l  issue o f  t h e  Journal  of Applied Physics. 
The key t o  t h e  genera l ized study o f  microwave power t ransmission, 
T, through t h i n  f i l m  windows i s  the argument ad. I t  i s  important t o  
note t h a t  these windows have a l l  f ou r  edges shor ted t o  t h e  w a l l s  o f  t h e  
waveguide. Here a i s  t h e  measured t h i n  f i l m  c o n d u c t i v i t y  o f  t h e  sample 
and d i s  t h e  th ickness o f  t h e  f i l m  ( u s u a l l y  measured w i t h  a m u l t i p l e  
beam i n t e r f e r o m e t e r ) .  
t ransmiss ion  - f o r  any - f i l m  i s  given % 
With reference t o  t h e  preceding repo r t ,  - the power 
Where t h e  f r e e  space propagat ion c o e f f i c i e n t  
I / 2  = [W - E 1 
Y O  a 0 0  
For a g iven frequency t h i s  equation may be reduced t o  a simple expression. 
A t  t h e  X-band frequency o f  9.8 GHz Equat ion ( I )  reduces t o  
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A more un iversa l  form for Equation ( 1 )  can be ob ta ined by i n t r o -  
duc t i on  o f  t h e  waveguide c u t  o f f  frequency (TElo mode): 
( 4 )  
where a i s  t h e  w id th  o f  t h e  waveguide. 
i n t o  Equations ( 1 )  and ( 2 )  y i e l d s  
S u b s t i t u t i o n  of  Equat ion ( 4 )  
2 T =  
G7E- 
JI - ( f  / f ) 2  
ad 0 0  2 - t  
C 
I 2 T =  
Equat ion ( 6 )  i s  completely un iversa l  i f  we t r e a t  
as t h e  argument when p l o t t i n g  t h i s  equat ion  (See F igu re  I ) .  
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( 5 )  
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To use F igure I o r  Equat ion (6 )  it i s  necessary t o  know t h e  cu t -  
o f f  frequency o f  t he  waveguide and o f  course the  o p e r a t i n g  frequency o f  
t h e  system. 
o f  t h e  standard waveguides. 
The f o l l o w i n g  t a b l e  l i s t s  t h e  c u t - o f f  f requencies of some 
TABLE I 
WAVEGUIDE FREQUENCY CHARACTERISTICS FOR TEIo MODE 
Numer i ca I 
Des i anat  i on 
WE 650 
WE 430 
WE 264 
WE 187 
WE 137 
WE 112 
WE 90 
WE 62 
WE 42 
WE 28 
WE 22 
WE 15 
Old 
Code -
L 
LS 
S 
C 
xv 
XB 
X 
KV 
K 
V 
Q 
M 
cut -of  f 
Frequency (GHz) 
0.908 
1,372 
2,078 
3.152 
4.301 
5.259 
6.557 
9.486 
14.047 
21.081 
26.342 
39.863 
Recommended 
Bandwidth (GHz) 
1.12 - 1.70 
1.70 - 2.60 
2.60 - 3.95 
3.95 - 5.85 
5.85 - 8.20 
7.05 - 10.00 
8.20 - 12.40 
12.4 - 18.0 
18.0 - 26.50 
26.50 - 40.00 
33.00 - 50.00 
50.00 - 75.00 
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FREQUENCY 
The e l e c t r i c a l  p r o p e r t  
frequency (See t h e  paper by 
SECT I ON 
RESPONSE OF 
I V  
THIN FILM WINDOWS 
es o f  t h e  f Ims alone a re  independent of 
Ramey and L wis t h a t  i s  inc luded i n  Sect ion 
I l l .  However, t h e  window i s  n o t  e n t i r e l y  independent o f  frequency, as 
i s  emphasized by Equat ion ( 6 ) .  
t ransmiss ion c o e f f i c i e n t  depends upon t h e  product  
r a t i o  ( f / f c ) .  
values o f  ad. 
The frequency dependence of t h e  power 
ad as we l l  as t h e  
F igu re  2 i s  a p l o t  o f  T as a f u n c t i o n  o f  ( f / f c )  f o r  t h r e e  
I t  i s  apparent t h a t  those f i l m s  w i t h  t h e  sma l le r  values o f  ad 
have t h e  g r e a t e s t  power t ransmiss ion f a c t o r s  and t h e  bes t  frequency 
dependence. 
7 
0 
+ 
(0 
E 
K 
0 
.- 
.- 
In 
In .- 
5 
C 
(D 
L 
I- 
L 
Q) 
8 a 
I 
IO”  
IO’* 
I 0-3 
I 0-4 
ad = 
FIGURE 2. Power transmission as a 
function o f  frequency. 
~~ 
I 0-3 
10-2 
IO”  
0 I .o I .2 
a 
I .4  I .6 
f / f c  
I .8 2.0 
SECTION V 
THIN FILM WINDOW DEVICES 
Numerous poss ib le  dev ice c o n f i g u r a t i o n s  based upon t h e  use of one 
o r  more t h i n  f i l m  windows i n  waveguide suggest themselves. These 
promis ing p o s s i b i l i t i e s  a re  c u r r e n t l y  be ing i nves t i ga ted :  
( 1 )  Switch-Modulator based s o l e l y  on t h e  pronounced d i f f e r e n c e  
i n  t h e  
e I e c t r  
ca r e f  u 
transm 
[Note 
power t ransmiss ion when a t h i n  f i l m  window i s  f l o a t e d  
c a l l y  i n  the  waveguide. That i s ,  normal ly  t h e  windows a re  
l y  grounded t o  a l l  f ou r  w a l l s  o f  t h e  waveguide when t h e  
s s i o n  data represented by F igu re  I o r  F igu re  3 i s  taken. 
h a t  F igu re  3 i s  q u i t e  s i m i l a r  t o  F igure I ,  t h e  d i f f e r e n c e  
being t h a t  f = 9.8 GHz and f = 6.557 have been s u b s t i t u t e d  i n t o  
F igu re  3. 
o p e r a t i n g  frequency o f  9.8 GHz.] 
o f  t h e  guide w a l l s  (no e l e c t r i c a l  c o n t a c t )  then t h e  power t rans -  
miss ion through the  f i l m  increases by about I O  db over  what i t  was 
when t h e  f i l m  was grounded. 
C 
Thus t h i s  p l o t  app l i es  t o  X-band guide o n l y  and an 
I f  t h e  window i s  f l o a t e d  f r e e  
The grounding of t h e  f i l m  need no t  be around t h e  e n t i r e  
per iphery o f  t he  f i l m .  I t  i s  s u f f i c i e n t  t o  simply ground t h e  f i l m  
as shown i n  F igu re  4 as these a re  t h e  p o i n t s  o f  maximum c u r r e n t .  
The general idea i s  t o  nex t  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of  us ing 
c o n t r o l l e d  devices t o  accomplish t h e  grounding and thus be ab le  t o  
sw i t ch  o r  modulate t h e  microwave s i g n a l .  The reg ion  through which 
we have been ab le  t o  sw i t ch  a t  present  i s  i nd i ca ted  on F igu re  3. 
The maximum t ransmiss ion r a t i o  w i t h  t h e  swi tch open was about 0.1 
swi tch c losed i t  was 0.016. A n i c k e l  f i l m  was used. and w i t h  t h e  
For max 
operate as h 
we a r e  exper 
mum t ransmiss ion e f f i c i e n c y  i t  w i l  I be d e s i r a b l e  t o  
gh as poss ib ie  on t h e  c u i v e  o f  F igure  3 .  Ai- present 
encing a problem i n  achiev ing a complete open c i r c u i t  
9 
I O  
Short 
Wavegu i de 
FIGURE 4. End view of waveguide 
showing a f i l m  tha t  i s  connected 
to the guide walls a t  only two 
points.  
I 1  
between t h e  f i l m  and t h e  w a l l  because o f  capac i t i vecoup l i ng .  
s i d e r a t i o n  i s  be ing g iven t o t h e  p o s s i b i l i t y  o f  t u n i n g  o u t  t h i s  
c a p a c i t i v e  term by use o f  stub tuned l i n e s  connected between t h e  
Con- 
f i l m  and t h e  w a l l .  
( 2 )  P a r t i a l  Re f lec to r .  We are 
re f l ec t i on - t ransmiss ion  proper t  
mounted a t  an angle i n  a wavegu 
( 3 )  C a v i t i e s  and m u l t i c a v i t y  f 
p repar ing  t o  study t h e  p a r t i a l  
es o f  these f i l m s  where they a re  
de rrTeerr. See F igure  5. 
I t e r s .  Prepara t ions  a re  be ing  
made t o  evaluate t h e  poss ib le  advantages o f  employing tuned 
c a v i t i e s  which a re  coupled i n t o  a waveguide system by means 
o f  a t h i n  f i l m  window, I f  t h i s  i s  successful  then m u l t i c a v i t y  
f i l t e r s  w i l l  be cons t ruc ted  and s tud ied .  See F igure  6. 
I 
I 
'I 
I 
I- 
1- 
11 
I 
'I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
FIGURE 5. 
f i l m  window t o  p a r t i a l l y  t r a n s m i t  and 
p a r t i a l l y  r e f l e c t  microwave energy. 
An arrangement u s i n g  a t h i n  
I 
I 
C a v i t y  I - 
I 
I 
Tun i ng 
\ 
L F i  Im Window 
F I G U R E  6. A tuned c a v i t y  de f i ned  by a 
t h i n  f i l m  window. 
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SECTION V I  
RESEARCH STATUS 
We have completed our  s tud ies  of  t h e  bas i c  p r o p e r t i e s  of a l l  
t h i n  f i l m  windows. We a re  now concent ra t ing  on dev ice design. 
As of June 27, we have obtained a complete microwave capab-l ! i t y  
a t  19.6 GHz as we l l  as 9.8 GHz. 
One graduate s tudent  ( W .  J. K i tchen)  j u s t  received h i s  doc tora te  
from research done on t h i s  grant .  Another man w i l l  rece ive  h i s  doc tora te  
nex t  year based upon t h e  research we are  now doing. 
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